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a. 

Japanese Patent Application Unexamined Publication (KOKAI) 
No. Hei 5-85860 (Abridged Translation) 

[0011] 
[Examples] 

Examples of the present invention will be described 

below. 
[0012] 

The organic-inorganic composite transparent 
homogeneous material according to the present invention is 
formed by uniformly dispersing a non-reactive polymer 
having the urethane bond in the matrix of an inorganic 
oxide. Alternatively, a non-reactive polymer having the 
urea bond is uniformly dispersed in the matrix of an 
inorganic oxide. 
[0013] 

A polymer having the urethane bond -NH'COO-, i.e. 
polyurethane, is synthesized by polyaddition reaction of a 
polyisocyanate with a polyol. As the polyisocyanate as a 
raw material of polyurethane, a conventionally known 
polyisocyanate may be used, for example, hexamethylene 
diisocyanate, tolylene diisocyanate, or diphenyl methane 
diisocyanate . As the polyol, a conventionally known polyol 
may be used, e.g. tetramethylene glycol, a low polymer 
polymerized by ring opening addition of propylene oxide, 
ethylene oxide or the like to a polyhydric alcohol, or a 
polymer obtained by ring opening polymerization of 
tetrahydrofuran or the like. Polyurethanes are synthesized 
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by various methods using a variety of raw materials. 
Various bonds are present in polyurethanes, such as urea 
bond/ acid-amide bond, biuret bond, and allophanate bond, 
in addition to the urethane bond. 
[0014] 

The urea bond -NH-CO-NH- is also contained in 
polyurethanes. Polymers having the urea bond include a 
polyurea obtained by addition condensation of the amino 
group with formaldehyde. A polyurea can be obtained by 
heat-hardening a methylolated substance, e.g. monomethylol 
urea, dimethylol urea, or trimethylol urea, obtained as a 
neutral or weak alkali substance by a well-known method. 
[0015] 

As the non-reactive polymers having the urethane 
bond or the urea bond, conventionally known polymers may 
be used, as stated above. There is no specific restriction 
on the molecular weight and so forth. That is, regarding 
the molecular weight, it is possible to use polymers 
ranging from those having a low molecular weight to those 
having a high molecular weight. Further, the above- 
described polymers include various copolymers and 
partially-modified polymers. 
[0016] 

Regarding the inorganic oxide forming the matrix, 
various inorganic oxides are usable according to each 
particular purpose and use application. Most generally 
used inorganic oxides are silica and alumina. With such an 
inorganic oxide, a three-dimensional micro network 
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structure is obtained by a sol-gel process or the like. In 
the matrix of the inorganic oxide, the above-described 
polyurethane or polyurea is uniformly dispersed. As the 
inorganic oxide, metallic oxides such as titania and 
zirconia are also usable in addition to silica and alumina. 
[0017] 

There is no particular reason for restricting the 
proportions of the non-reactive polymer and the inorganic 
oxide matrix. However, if the proportion of the matrix is 
excessively high, a problem will arise in terms of the 
strength of the organic-inorganic composite transparent 
homogeneous material to be obtained. On the other hand, if 
the proportion of the non-reactive polymer is excessively 
high, the effect produced by mixing the inorganic oxide 
will be impaired. For these reasons, the polymer to be 
compounded and the inorganic oxide matrix are generally 
used in the proportions of about 10 to 10,000 parts by 
weight, preferably about 100 to 1,000 parts by weight, of 
the inorganic oxide matrix to 100 parts by weight of the 
polymer . 
[0018] 

There is no specific restriction on the method of 
producing the organic-inorganic composite transparent 
homogeneous material according to the present invention. 
In general, a method is employed in which a hydrolytically 
polymer izable inorganic compound is formed into a gel 
through a hydrolytic polymerization reaction using a sol- 
gel process under the addition of a non-reactive polymer 
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having the urethane bond or the urea bond, thereby 
obtaining an organic-inorganic composite material in which 
the non-reactive polymer is uniformly dispersed in the 
matrix of the inorganic oxide gel thus formed. 
[0019] 

There is no specific restriction on the 
hydrolytically polymerizable inorganic compound used in 
the above-described production method. Various 
hydrolytically polymerizable inorganic compounds are 
usable. To obtain a silica matrix, for example, it is 
preferable to use tetraalkoxysilane such as 

tetramethoxysilane or tetraethoxysilane . Other examples of 
usable hydrolytically polymerizable inorganic compounds 
are various silanes generally used in the sol-gel process 
and partially polymerized silanes. 
[0020] 

The hydrolytic polymerization reaction in the above- 
described method may be carried out by the same operation 
and under the same conditions as in the case of the 
conventional sol-gel process. Therefore, there are no 
specific restrictions on the operation and the conditions. 
As one example, a method of producing a composite material 
of a silica matrix and a polymer to be compounded will be 
described below. A polymer and an alkoxysilane are 
dissolved in an alcohol solvent, e,g. methanol, to form a 
uniform solution. Hydrochloric acid or the like is dropped 
into the solution as an acid catalyst, and the solution is 
stirred to carry out the reaction. In general, it is 
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desirable to perform the hydrolytic polymerization 
reaction in a solvent. Examples of substances usable as 
the solvent for this reaction are alcohols, such as 
methanol and ethanol, and ethers. The reaction temperature 
may be room temperature. The reaction temperature may be 
selected appropriately within the range of from 0 to about 
50°C. There is no specific restriction on the reaction 
time. For example, the reaction time may be set at about 
24 hours to accomplish the desired reaction. The reaction 
time should be determined appropriately in relation to the 
reaction temperature and so forth. In addition, it is also 
possible to employ a reaction carried out in a stream of 
hydrogen or a reaction under a reduced pressure of about 
0.5 to 1 atm. according to the circumstances. 
[0021] 

In the above-described method, a specific non- 
reactive polymer having the urethane bond or the urea bond 
has an excellent affinity for a specific hydrolytically 
polymerizable inorganic compound such as a silane and is 
favorably compatible with it. In addition, the gel 
produced by the hydrolytic polymerization reaction forms a 
three-dimensional micro network structure in which the 
non-reactive polymer is uniformly dispersed. Therefore, 
phase separation does not occur either before or after the 
gelation. Accordingly, the organic-inorganic composite 
material maintains the transparent homogeneous state. 
Further, the organic-inorganic composite material can be 
formed into an appropriate configuration, e.g. a fibrous 
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or filmy configuration, either before or after the 
gelation. The thus formed material is homogeneous and 
transparent. 
[0022] 

In the above-described method, if a solvent is used 
in the gelation, the solvent should be removed after the 
shaping process or in the course of the gelation reaction 
or after the gelation and before the shaping process. It 
should be noted that in a case where a surface of a base 
material is coated with the organic-inorganic composite 
material, it is preferable to coat the base material with 
the organic-inorganic composite material before the 
gelation and to allow the gelation reaction to take place 
on the base material, thereby forming an organic-inorganic 
composite material coating. 
[0023] 

The organic-inorganic composite transparent 
homogeneous material according to the present invention 
may be used by being formed into various shapes or 
configurations, such as fibrous, spherical, tubular, 
plate-like and rod-like shapes, in addition to the above- 
described coating configuration. As the forming method, an 
appropriate method should be adopted according to the 
shape and configuration of a formed material to be 
obtained, for example, from among casting and coating 
methods using a solution, an extrusion molding method for 
forming a fibrous or tubular shape, a pressing method for 
forming a filmy or plate-like shape, a centrifugal molding 
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method, and a cast molding method. 
[0024] 

The formed material produced by the above-described 
method may be used in fields of application in which 
various properties of the organic-inorganic composite 
material, e.g. hydrophilic nature and transparency, are 
utilized as they are. The formed material may also be used 
in the form of an inorganic porous material. That is, the 
formed material is converted into a porous material of the 
inorganic oxide with its shape and configuration left 
unchanged by removing the dispersedly compounded polymer 
part through elution using an organic solvent or the like 
or by heating the material at a temperature higher than 
the decomposition temperature of the polymer. In the 
inorganic porous material obtained in this way, the pore 
diameter and the pore distribution can be adjusted 
favorably. Therefore, the inorganic porous material can be 
used widely by making use of the configuration thereof. 
For example, the fibrous material may be used as a mat 
filter, a fabric filter, a catalyst carrier, an enzyme 
carrier, etc. The filmy material and tubular material may 
be used as a separation filter, an air diffuser plate, an 
air blower pipe, a liquid diffuser plate, a liquid 
diffuser pipe, etc. The spherical materiel may be used as 
an adsorbent, a catalyst carrier, a filler, etc. The 
coated material may be used as a carrier for liquid 
chromatography, an enzyme carrier, etc. 



- 7 - 



